Abstract
INTRODUCTION
Lung cancer is the leading cause of cancer-related deaths worldwide and is a particularly prominent disease in the elderly population [1] . Its incidence in this population is expected to increase as the general population ages, especially in developed countries. Clinicians are increasingly confronted with octogenarians with medically operable non-small-cell lung cancer (NSCLC). The total number of surgical resections for primary lung cancer in Japan reported most recently in 2014 has reached 38 085, showing a steady increase over the years [2] . Among those who underwent surgical resections for this condition, 53.5% of patients were aged 70 years or older and 12.1% of patients were aged 80 years or older. This percentage has continued to increase because the ageing of Japan's population is becoming more pronounced. The Japanese Joint Committee of Lung Cancer Registry previously conducted and reported a large retrospective cohort study to identify the predictors of long-term survival and the risk factors for complications after surgical resection in octogenarian patients with clinical Stage I NSCLC [3] . Although the operative morbidity and mortality for patients aged 80 years and older were reported to be 8.4% and 1.4%, respectively, and were satisfactorily low and safe compared with 4.5% and 0.8%, respectively, for all patients [4] , one-third of the patients died from other causes, such as an illness during the postoperative follow-up period. Comorbidity is a factor associated with both postoperative complications and worse prognosis. However, these results were still limited and based on retrospective cohort studies.
Therefore, the Japanese Association for Chest Surgery (JACS) conducted a nationwide multicentre large-scale prospective observational cohort study, JACS1303 (UMIN000016756) as previously described by Saji et al. [5] . Although some retrospective studies have reported clinicopathological scoring systems, such as the Charlson Comorbidity Index (CCI), Simplified Comorbidity Score (SCS) and Glasgow Prognostic Score (GPS) for predicting postoperative complications and survival outcomes for elderly lung cancer patients [6] [7] [8] , optimized scoring systems and care strategies remain controversial. The first analysis of the JACS1303 study aims to evaluate details of the clinical factors, comorbidities and comprehensive geriatric assessment (CGA) to develop a comprehensive operative risk scoring (RS) system that can predict severe morbidity and mortality for octogenarian patients with medically operative lung cancer.
MATERIALS AND METHODS

Patient eligibility
Octogenarian patients with medically operable lung cancer were enrolled in this cohort. Additional inclusion criteria were as follows: no prior chemotherapy or radiation therapy for lung cancer, sufficient organ function, measurable preoperative comprehensive geriatric assessment and written informed consent. Between April 2015 and December 2016, 1019 octogenarian patients were enrolled from 82 institutions (Fig. 1) . Of the 962 patients enrolled, we finally selected 895 patients who underwent surgical resection for primary lung cancer and had sufficient clinical records for comprehensive surgical RS analysis of predictive postoperative complications for octogenarian patients with medically operable lung cancer.
Data collection
Data collection and analyses were approved by the institutional review boards. Once informed consent was obtained, recruiting clinicians completed a case report form to record the following clinicopathological factors: age, gender, smoking status, tumour size and location, histological subtypes according to the World Health Organization (WHO) classification [9] and staging according to the seventh edition of the tumour, necrosis and metastasis (TNM) classification of lung and pleural tumours [10] . The status of the patients was recorded as follows: performance status, pulmonary function including vital capacity (VC), %VC, forced expiratory volume in 1 s, and percentage forced expiratory volume in 1 s. The comorbidity index was calculated using the CCI [11] and SCS [12] . The GPS [13] and CGA 7 [14] were also recorded. Surgical-related data were also collected after the completion of surgery.
Clinical outcome data related to operative morbidity and mortality, and cancer-related or non-related prognosis were collected 30 days and 90 days after the surgical treatment. Perioperative and postoperative morbidity and adverse events were classified according to both the Common Terminology Criteria for Adverse Events version 4.0. Operative mortality was defined as death at any time during the initial hospitalization or within 30 days after the operation.
Statistical analysis
The aim of this study was to develop a preoperative risk prediction model for octogenarian patients with medically operative lung cancer as previously described by Saji et al. [5] . This would require evaluation of the risk of Grade 3 or higher adverse events after surgical treatment using logistic regression models with a maximum of 5 predictive risk factors. For this purpose, we needed to observe at least 50 adverse events. The planned sample size of 750 elderly patients aged 80 years and older was determined and based on the assumption that the proportion of adverse events in this cohort would be in the range of 7-8%. Analyses were performed using JMP V R Pro version 13.0 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Postoperative complications and mortalities
The clinicopathological and surgical characteristics of the patients are listed in Table 1 . The variables of postoperative early complications (30 days) and operative and hospital mortality are listed in Table 2 . Complications of any severity were observed in 308 (34%) patients, of whom 81 (8.4%) had Grade 3-4 severe complications, which required therapeutic intervention. Pneumonia was the most common severe complication observed in 27 (3.0%) patients, followed by prolonged air leakage (1.4%), atelectasis, bronchial fistula, empyema, wound infection, cerebral infarction, subcutaneous emphysema, atrial fibrillation and gastrointestinal disorders. The major common complications, any grade, were prolonged air leakage (8.4%), atrial fibrillation (5.0%), pneumonia (4.1%), subcutaneous emphysema (2.8%), atelectasis (2.1%) and wound infection (1%). Operative (30 days) and hospital mortality rates were 1.0% and 1.6%, respectively. Three patients died due to postoperative pneumonia, including 2 cases of acute exacerbation of interstitial pneumonia and 1 case of aspiration pneumonia. One patient each died due to cerebral infarction, perioperative major haemorrhage, myocardial infarction, liver dysfunction due to liver cirrhosis, myelodysplastic syndromes and cardiopulmonary arrest due to pneumothorax on the 1st day after hospital discharge.
Predictive factors for severe postoperative complications
Univariate analysis was carried out to identify 17 possible predictive factors (P < 0.25) for severe postoperative complications. We removed 8 factors including total score of SCS, GPS, CGA7, tumour side, tumour location, maximum standardized uptake value, CGA7 6 and CGA7 7 from the clinical view and consequently identified gender, smoking history, CGA7 5 : memory, SCS: diabetes mellitus, SCS: respiratory disease, pack-year, albumin (Alb), C-reactive protein and %VC as candidate predictive factors. To develop a logistic regression model with a maximum of 5 risk factors, we applied forward selection with the corrected Akaike information criteria [15] and identified the following 5 predictive factors: gender, CGA7 5 : memory, SCS: diabetes mellitus, Alb and %VC (Table 3) . Additionally, 5-fold cross-validation was performed as an internal validation to reconfirm these 5 predictive factors. The discriminative ability of the model was evaluated using the area under the receiver operator curve (AUC, concordance statistic). The AUCs for 5-fold cross-validation were 0.64, 0.75, 0.71, 0.67 and 0.64, and the average AUC was 0.68.
Comprehensive operative risk scoring system
The estimated odds ratios and their confidence intervals according to the 5 risk predicting factors for severe postoperative complications are shown in multivariate analysis ( Table 3 ). The linear function based on the estimated regression coefficients was as follows: 0.50 (gender: male) + 0.31 (CGA7 5 : memory: yes) + 0.25 (Alb: <3.8 ng/ml) + 0.24 (%VC: < _90) + 0.22 (SCS: diabetes mellitus: yes). On the basis of the weight of variables in the function, we developed a simplified RS system as follows: RS = 3 (gender: male) + 2 (CGA7 5 : memory: yes) + 2 (Alb: <3.8 ng/ml) + 1 (%VC: < _90) + 1 (SCS: diabetes mellitus: yes). The receiver operating characteristic curve is shown in Fig. 2 . The RS was moderately discriminatory with an AUC of 0.70. The RS of patients ranged between 0 and 9, and the relationship between RS and predicted probability is shown in Table 4 . On the basis of the predicted probabilities for severe postoperative complications, patients were classified into 3 risk groups, i.e. low-risk group (RS: 0-2; predicted probability: <5%; n = 308), intermediate-risk group (RS: 3-7; predicted probability: 5-24%; n = 560) and high-risk group (RS: 8-9; predicted probability: > _25%; n = 27).
DISCUSSION
Clinicians are increasingly confronted with octogenarians with medically operable NSCLC, who accounted for approximately 5000 patients and comprised 12% of patients who underwent surgical resection for primary lung cancer in Japan in 2014 [4] . The average life expectancy for an 80-year-old individual is increasing and has reached an impressive 8.89 years for men and 11.79 years for women according to the 2015 annual report from the Ministry of Health, Labour and Welfare in Japan [16] . Therefore, the latest, third edition of the American College of Chest Physicians evidence-based guidelines have recommended that patients with lung cancer should not be denied resection on the grounds of age alone [17] . Postoperative complications and mortality after lung resection in octogenarians range from 17.5% to 69.4% and from 0% to 21%, respectively, depending on the type of surgery and selection of patients, with long-term (5-year) survival rate ranging from 24% to 66% [18] . According to the Japanese large cohort previously described, operative morbidity and mortality in octogenarian patients were reported to be 8.4% and 1.4%, respectively, and were satisfactorily low and safe compared with 4.5% and 0.8%, respectively, for all patients [4] . This is also supported by our present series, in which complications of any severity were observed in 308 (34%) patients, of whom 81 (8.4%) had Grade 3-4 severe complications that required therapeutic intervention. Operative (30 days) and hospital mortality were 1.0% and 1.6%, respectively.
Postoperative complications may influence long-term cancer survival. Rueth et al. [19] first reported that the occurrence of inhospital postoperative complications was an independent predictor of worse 5-year cancer-specific survival (hazard ratio 1.38, 95% confidence interval 1.17-1.64) in elderly patients who underwent lobectomy for Stage I NSCLC using a populationbased survival analysis. Recently, Lugg et al. [20] reported the long-term impact of developing a postoperative pulmonary complication after lung surgery and demonstrated that those who developed a postoperative pulmonary complication had a higher rate of non-cancer-related deaths (11% vs 5%; P = 0.006) and that postoperative complication was a significant independent risk factor for late death in NSCLC patients (hazard ratio 2.0, 95% confidence interval 1.9-3.2; P = 0.006) in their cohort. In our present series, pneumonia was the most common severe complication, observed in 27 (3.0%) patients, followed by prolonged air leakage (1.4%), atelectasis, bronchial fistula and empyema, indicating that postoperative pulmonary complications are significant in elderly surgical patients with lung cancer. Although the long-term effects of developing a severe postoperative complication in hospitals following lung cancer surgery have not been elucidated, in our present series, there were 18 patients with non-cancer-related deaths, including death due to cerebral infarction, aspiration pneumonia, unknown cardiopulmonary arrest and so on, observed even within the short median followup time of 6.5 months. We hypothesize that postoperative complications have a role in these non-cancer-related deaths observed later. Therefore, to optimize the safety and quality of surgical treatments for elderly NSCLC patients, we believe that accurate prediction of the risk of postoperative complications is important before deciding on surgical resection for octogenarian patients with medically operative lung cancer.
There have been reports of several scoring systems involving weighting comorbid conditions that are useful for evaluating patients' physiological function and predicting postoperative morbidity and mortality. The most widely used clinical scoring system is the CCI reported by Charlson et al. in 1987 [21] , which is widely recommended as a survival predictor for patients with NSCLC [22] . Not all comorbidities have the same impact on survival, and careful selection of patients is more important than the patient's score. Recently, the SCS was developed and validated by modification of the CCI [12] for patients with NSCLC. This tool scores 7 comorbidities based on the risk of death and have found to be useful in predicting outcomes for patients with lung cancer [6, 23] . Recently, inflammation-based scoring systems such as the GPS have been reported as simple, useful and objective Comprehensive geriatric assessment 7, mean ± SD prognostic predictors for a variety of cancers [7] . Moreover, growing support favours using the CGA, particularly for elderly patients. We selected clinical factors, CCI and SCS as comorbidities, GPS as general conditions and CGA7 as CGA in this study. Then, in the first analysis of this study, we developed a comprehensive operative RS system that can predict severe complications in octogenarian patients with medically operative lung cancer. Consequently, the 5 predictive factors, gender, CGA7 5 : memory, SCS: diabetes mellitus, Alb and %VC, were identified for predicting severe complications through multivariate analysis. We further reconfirmed these 5 predictive factors using 5-fold cross-validation as an internal validation. Moreover, we developed a simplified RS system as follows: RS = 3 (gender: male) + 2 (CGA7 5 : memory: yes) + 2 (Alb: <3.8 ng/ml) + 1 (%VC: < _90) + 1 (SCS: diabetes mellitus: yes) on the basis of the weight of variables in the function and proposed an AUC as 0.70 using our prospective nationwide large series. To our best knowledge, this is the first comprehensive operative RS system that can predict severe complications in octogenarian patients with medically operative lung cancer.
Limitations
There are several limitations in this study. Comorbidity has been correlated with survival [24] in addition to postoperative complications [22] . In this first analysis, we had to focus on identifying predictive factors for severe operative complications because of the short median follow-up period for our series at the time of this first analysis. In 2019, we will perform the final analysis for this study including survival outcome comparisons with CCI, SCS, GPS, CGA7 and our proposed system. Additionally, we failed to demonstrate that a specific mode of operation such as limited resection, mediastinal lymph nodal sampling or video-associated thoracic surgery was significantly associated with decreasing the rate of surgical morbidity and mortality in our present series. During the last 2 decades, advances in perioperative care and in surgical techniques have been encouraged, and numerous studies have provided useful knowledge to thoracic surgeons. These our wise experience are likely to be selection bias from a less aggressive approach applied to the selected octogenarians. Hopefully, the final analysis of this study will provide some useful information regarding these issues.
CONCLUSION
This is the first large observational cohort study to date in this age demographics of octogenarian patients with medically operative lung cancer using a prospective nationwide well-organized setting. We propose a simplified RS system as follows: RS = 3 (gender: male) + 2 (CGA7 5 : memory: yes) + 2 (Alb: <3.8 ng/ml) + 1 (%VC: < _90) + 1 (SCS: diabetes mellitus: yes) (AUC = 0.70) as the first comprehensive operative RS system that can predict severe complications in octogenarian patients with medically operative lung cancer. Risk scoring system = 3 (gender: male) + 2 (CGA7 5 : memory: yes) + 2 (Alb: < 3.8 ng/ml) + 1 (%VC: < _ 90) + 1 (SCS: diabetes mellitus: yes).
